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Introduction 

Hydantions, (1). are b i o l o g i c a l l y  a c t i v e  compounds which occur i n  na tu re  and have 
been i s o l a t e d  from such sources as sugar beets and b u t t e r f l y  wings. Synthet ic  
analogs have found widespread use as ant iconvulsant  drugs, bac te r ioc ides ,  
s t a b i l i z e r s  i n  photographic f i l m ,  and i n  the  p repara t i on  o f  h igh  temperature epoxy 
res ins.  Uses, preparat ion,  and reac t i ons  o f  hydantoins have been ex tens i ve l y  
s tud ied and are repor ted elsewhere (1, 2). 

I 
H 

(a 
Recently a number o f  hydantoin isomers have been detected and i d e n t i f i e d  i n  coal 

g a s i f i c a t i o n  condensate water from t h e  g a s i f i c a t i o n  o f  I n d i a n  Head (ND) l i g n i t e  a t  
t h e  U n i v e r s i t y  o f  Nor th Dakota Energy Research Center i n  a s lagging f i x e d  bed 
g a s i f i e r  (3 ) .  The hydantoins c o n s t i t u t e  a major p o r t i o n  o f  t h e  o rgan ics  i n  t h e  
condensate-water and have r e c e n t l y  been i d e n t i f i e d  i n  water from othe r  g a s i f i c a t i o n  
processes (5).  I n  general t h e  concentrat ions o f  hydantoins found i n  t h e  condensate 
water from an ash g a s i f i e r  are smal ler  than those found from t h e  s lagg ing  process. 
There i s  a l so  a r e l a t i o n s h i p  between t h e  t ype  o f  coal  used and t h e  amount o f  
hydantoins formed. L i g n i t e  coal r e a c t i n g  i n  a s lagging g a s i f i e r  g ives t h e  l a r g e s t  
concentrat ion o f  hydantoins i n  t h e  condensate water. The major isomer i n  t h e  coal  
g a s i f i c a t i o n  condensate water i s  5,5-dimethylhydantoin (DMH). It should be 
emphasized t h a t  DMH i s  formed fran i n d i v i d u a l  species (acetone, cyanide, ammonia, 
and carbonate) i n  t h e  condensate water and does not  form d i r e c t l y  i n  t h e  g a s i f i e r .  
Hydantoins were shown t o  be e i t h e r  absent o r  present i n  l ow  concentrat ions i n  water 
samples which were c o l l e c t e d  from side-stream samples i n  t h e  UNDERC g a s i f i e r  and 
q u i c k l y  frozen. When t h i s  sidestream condensed water was heated i n  a constant  
temperature bath o f  4OoC, DMH concentrat ions increased i n  an approximately second 
order  manner (a). The format ion i s  be l i eved  t o  proceed by t h e  Bucherer-Berg 
react ion,  t h e  same r e a c t i o n  used f o r  commerical hydanto in  synthes is  (3) .  

The p o t e n t i a l  use o f  t h e  slagger t o  produce economical ly usefu l  s y n t h e t i c  f u e l  
gas, bo th  on the na t i ona l  and i n t e r n a t i o n a l  scale, prompted an i n v e s t i g a t i o n  i n t o  
the  k i n e t i c s  and mechanisms o f  format ion o f  DMH. It was impossib le  t o  ob ta in  
r e l i a b l e  and reproducib le  concen t ra t i on  data f o r  acetone and cyanide i n  the  raw 
g a s i f i e r  condensate water due t o  r e v e r s i b l e  a d d i t i o n  products  (acetone cyanohydrin, 
e t c ) ,  so a model system was chosen. Acetone cyanohydrin was reacted w i t h  excess 
ammonium carbonate a t  concentrat ions approaching those obta ined i n  t h e  condensate 
water. The experimental d e t a i l s  and r e s u l t s  have been r e c e n t l y  repor ted (7). The 
r a t e  of format ion o f  DMH was f i r s t  order  i n  a l l  o f  t he  reac tan ts  as expressed by 
Equation 1. 

Rate of formation of DMH = [Acetone] [HCN] [NH3] [CO,] 1) 
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This k i n e t i c  da ta  i s  va luab le  i n  p r e d i c t i n g  t h e  r a t e  o f  fo rmat ion  o f  OMH i n  coal 
g a s i f i c a t i o n  condensate water, provided t h e  model i s  app l i cab le .  The pH o f  t h e  
model s o l u t i o n  and t h e  condensate water remained constant a t  around 8.4, bu t  t h e  
e f fec ts  o f  small changes i n  pH on t h e  r a t e  are no t  f u l l y  known. 

A mechanism c o n s i s t e n t  w i t h  t h e  k i n e t i c  data and p a r t i a l l y  v e r i f i e d  by others i s  
shown i n  Scheme 1 (8, !I, 10). What remains t o  be s tud ied  i s  t o  ob ta in  de ta i l ed  
evidence o f  t h e  r a t e - d e t e a n i n g  step and t o  i s o l a t e  in te rmed ia tes  V I ,  V I I ,  and 
VIII. I n  t h i s  work we w i l l  show t h a t  t h e  carbamate s a l t  which r e s u l t s  from t h e  
reac t i on  o f  two moles o f  a - a m i n o i s o b u t y r o n i t r i l e  w i t h  carbon d iox ide  gives an N- 
s u b s t i t u t e d  hydanto in  r a t h e r  than the  expected DMH. This e i t h e r  precludes the  s a l t  
as forming i n  t h e  g a s i f i e r  water s ince the  N-subs t i tu ted  hydantoins has not been 
i d e n t i f i e d  i n  g a s i f i e r  condensate water, o r  t he  s a l t  reac ts  r a p i d l y  by an a l te rna te  
mechanism t o  g i ve  DMH. 

Experimental 

a - h i n o i s o b u t y r o n i t r i l e  ( I V  - Ammonia gas was bubbled i n t o  50 m l  o f  acetone 
&C f o r  several hours. The product was d i s t i l l e d  a t  50- 
56O 0 mm) t o  g i v e  90 percent y i e l d .  The s t r u c t u r e  was v e r i f i e d  by I R ,  Mass Spec. 
and 13C NMR. The produc t  was s to red  under n i t rogen  and r e f r i g e r a t e d  t o  prevent slow 
reverse  h y d r o l y s i s  and d i s c o l o r a t i o n .  

2-Cyanopropyl-amoniun 2-Cyanopropyl-2-hino Carbamate ( X ) .  - Dry i c e  was added 
s low ly  t o  a 25-ml neat sample o f  a-aminoisobutyronitrile. This was cont inued u n t i l  
t h e  e n t i r e  system was s o l i d ,  about one hour. Anhydrous e ther  was added and the  
m i x t u r e  s t i r r e d  and f i l t e r e d .  The r e s u l t i n g  wh i te  s o l i d  reac ts  w i t h  d i l u t e  
h y d r o c h l o r i c  ac id  t o  g i v e  the  s t a r t i n g  a m i n o n i t r i l e  hydroch lo r ide  s a l t  and carbon 
d iox ide .  The carbamate had a m.p. o f  21OoC and gave peaks a t  m/e 212 and 168 v i a  
s o l i d  probe mass spec t ranet ry .  On hydro lys is ,  t h e  compound gave acetone, ammonia, 
acetone cyanohvdri n, and a - a m i n o i s o b u t v o n i t r i l e  as i nd i ca ted  by GC/MS. 

N-a-Carbmyl isopropyl-N'-a- i  s o b u t y r o n i t r i l e  urea ( X I )  
Carbon d i o x i d e  was bubbled through a neat sample o f  a a -Amino isobuty ron i t r i le  a t  
room temperature. A f t e r  one hour, t h e  e n t i r e  sample was so l i d .  This s o l i d  was 
f i l t e r e d  and washed thorough ly  w i t h  anhydrous e the r  t o  remove any unreacted 
s t a r t i n g  m a t e r i a l .  A l l  spec t ra l  p roper t i es  and elemental analyses were 
c o n s i s t a n t  w i t h  t h e  s t ruc tu re .  The m.p. was i d e n t i c a l  t o  the  s t r u c t u r e  proposed 
by Bucherer (8). 
Compound X was al lowed t o  stand a t  room temperature f o r  several days and a f t e r  
ana lys i s  k o v e d  t o  be i d e n t i c a l  t o  X I  i n  a l l  resoects.  
3-(&Carb&nyli sopropyl)-5.5-dimethy~ydantoin (XIII) - The N-subs t i tu ted  urea, 

- X I ,  was al lowed t o  stand a t  roan temperature i n  water f o r  24 hours. The reac t ion  
was fo l lowed by u l t r a v i o l e t  spectroscopy and by gas chromatography which ind ica ted  
t h e  fo rmat ion  o f  an i n t e r m e d i a t e  t h a t  disappeared s lowly  t o  g i ve  t h e  f i n a l  
product.  A f t e r  evapora t ion  o f  t h e  water i n  a vacuum, t h e  r e s u l t i n g  w h i t e  s o l i d  (50% 
y i e l d )  was i d e n t i f i e d  as  3-(a-carbamylisopropyl)-5,5-dimethylhydantoin (m). The 
s t r u c t u r e  was v e r i f i e d  by I3C-NMR and s i n g l e  c r y s t a l  x-ray analysis.  The proper t ies  
of t h e  s o l i d  were i d e n t i c a l  i n  a l l  respec ts  t o  t h a t  o f  a sample prepared by an 
a l t e r n a t e  syn thes is  (11).  The h igh  r e s o l u t i o n  mass spectrum gave t h e  cor rec t  
molecular formula and a molecular i o n  o f  m/e 213 and a base peak a t  m/e 169. 

R e s u l t s  and D iscuss ion  

I n  order t o  c l a r i f y  f u r t h e r  the  mechanism o f  fo rmat ion  o f  DMH shown i n  Scheme 1, an 
at tempt was made t o  i s o l a t e  t h e  carbamic ac id  s a l t  o f  X. When s o l i d  d r y  i c e  was 
added t o  a-aminoisobutyronitrile, a w h i t e  s o l i d  was i s o l a t e d  which by I R ,  mass 
spectrometry, elemental ana lys is ,  and i t s  reac t i on  w i t h  water and hydroch lo r ic  ac id  
was best represented by s t r u c t u r e  X I .  S a l t s  o f  carbamic ac ids  o f  s i m i l a r  s t ruc tu re  
have been r e p o r t e d  p r e v i o u s l y  a n h a r e  more o r  l ess  s tab le ,  depending on t h e i r  
spec i f i c  s t r u c t u r e  (12).  The carbamate X s lowly  rearranged a t  room temperature t o  
t h e  d i s u b s t i t u t e d  urea, X I ,  shown i n  sheme 2. This urea was a l so  prepared by 
bubbl ing carbon d i o x i d e  gas through a-ami noi  s o b u t y r o n i t r i l e  a t  roan temperature. 
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The compound was repor ted prev ious ly  &). I t s  s t r u c t u r e  was v e r i f i e d  by 
spectroscopic techniques and elemental analys is .  

When t h e  N, N ' -d i subs t i t u ted  urea was placed 
i n  water a t  room temperature, changes began t o  take  place. The u l t r a v i o l e t  
absorpt ion spectrum showed a gradual increase i n  an absorpt ion a t  257 nm. Th is  peak 
began t o  disappear a f t e r  twelve hours and a f t e r  twenty- four  hours was absent f rom 
t h e  spectrum. GC ana lys i s  us ing a cool, on-column i n j e c t i o n  onto a 30 m OV-351 
fused s i l i c a  c a p i l l a r y  column gave, as a major  compound, t h e  N-subs t i t u ted  
hydantoin, X I I I .  The s t r u c t u r e  o f  XI11 was proven by a l t e r n a t e  synthesis, elemental 
and s p e c t r a c n a l y s i s ,  and s i n g l e c r y s t a l  X-ray analys is .  The carbamate s a l t  i n  
water gave s i m i l a r  r e s u l t s .  

The mechanism f o r  t h e  format ion o f  t h e  N-subst i tu ted hydantoin i s  shown i n  
Scheme 2. Evidence f o r  t h e  s t r u c t u r e  o f  t h e  b i c y c l i c  imino i n te rmed ia te  (XIJ) i s  
based on several f ac to rs .  The u l t r a v i o l e t  absorpt ion spectrum i s  cons is ten t  w i t h  an 
n n* t r a n s i t i o n  o f  an imine chromophore occu r r i ng  a t  257 nm (13) and t h e  GC/MS o f  
t he  in termediate gave a peak a t  m/e 195. This  represented a E s s  o f  ammonia f rom 
the  s t a r t i n g  N-subs t i t u te  area, x. The absence o f  a fragment peak a t  m/e 151 (m- 
44) i s  s t rong evidence t h a t  t he  in termediate,  u, does not  con ta in  a carbonyl o r  
carboxyl group. That t h i s  h i g h l y  s t ra ined  b i c y c l i c  system would form a t  room 
temperature i n  water might  a t  f i r s t  appear unusual; however, a s i m i l a r  b i c y c l i c  
system was i s o l a t e d  i n  t h e  a l t e r n a t e  synthes is  o f  t he  N-subst i tu ted hydanto in  (2). 
Conclusion 

N-subst i tu ted hydantoi ns, s p e c i f i c a l l y  t h e  N-(carbamyl isopropyl  )-5,5-dimet!yl- 
hydantoin, form i n  water a t  roan temperature fran t h e  N-a-carbamylisopropyl -N -a- 
i s o b u t y r o n i t r i l e  urea. Only a small amount o f  t he  5,5-dimethylhydantoin, IX, i s  
produced f r a n  t h e  N-subst i tu ted urea, E, o r  i t s  carbamate s a l t ,  3. Thus, they a r e  
not  l i k e l y  in termediates i n  the  format ion o f  t he  DMH i n  water i n  the  presence o f  
acetone, hydrogen cyanide, carbon d iox ide,  and ammonia. Instead t h e  hydantoins a r e  
bel ieved t o  r e s u l t  from the hydrated conjugate base o f  t h e  carbamic a c i d  ( V I )  
(Scheme 1 ) .  
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Scheme 1.  Mechanistic sequence for formation of DMH 
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Scheme 2. M e c h a n i s t i c  Pathway f o r  t h e  f o r m a t i o n  o f  t h e  N - s u b s t i t u t e d  

hyda n t o  i n 3- (@-carbamyl i so p r o p y l  ) -5,5 - d i m e t h y l  hydan t o  i n (XI I I ) 
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